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Abstract
The objectives were to evaluate the risk of obtaining an infective dose of Yersinia enterocolitica (Y. enterocolitica) after 
consuming fermented sausages (made in a controlled process) and smoked filet made of Danish pork. For fermented 
sausages it was estimated that a maximum of two bacteria would be present in a serving of up to 40 g. However, most likely 
only one bacterium would be present per serving (4,000 times of one million simulations of 40 g serving’s = 0.4 %). Only 
in 27 times of one million simulated serving’s there were two bacteria present. For smoked filet it was estimated a presence 
of a maximum of one Y. enterocolitica per 40 g servings. The results showed that this would happen in 39 times of a total 
of one million simulations of 40 g servings. It has been shown that Y. enterocolitica does not grow within the given shelf-
life of these products, and the infection dose for Y. enterocolitica is assessed to be relatively high. Given this, it is therefore 
unlikely that Danish produced fermented sausages (made in a controlled process) and smoked filet are the cause of any of 
the annually reported 200-300 cases of human yersinosis in Denmark. 
Introduction
There are reported 200-300 cases of human yersinosis annually in Denmark.
A series of challenge tests in pork, using a real-time PCR-method, were conducted in the project «Yersinia in non-heat 
treated meat». The aim of these challenge-test studies was to measure reduction of the concentration of Y. enterocolitica 
during fermentation of sausages and production of the Danish speciality; «smoked filet» made of respectively pork 
shoulder and loin.
In this study the collected data in the above described projects, was used as inputs in a simulation model with the objective 
of evaluating the risk of acquiring an infective dose of Y. enterocolitica by consuming non-heat treated meat products made 
of Danish pork.
Material and Methods
The model:
A simulation model originally developed for estimating human risk of Salmonella Typhimurium DT104 infections caused 
by consumption of fermented sausage was used (Alban et al. 2002).
Modelling Y. enterocolitica in a batch of minced meat
Semi-quantitative data obtained from a screening of Danish and German pork conducted in 2010-2011 was used to model 
the prevalence and concentration of Y. enterocolitica in a 240 kg’s batch of minced meat - a standard size when producing 
fermented sausages and smoked filet (Larsen et. al 2012). 
A Pert distribution was used to model the prevalence of the contaminated meat obtained from the different abattoirs: 
minimum = 21 %, most likely = 42 % and maximum = 63 % for shoulder meat, and minimum = 4 %, most likely = 8 % and 
maximum = 12 % for loin. 
The number of bacteria (in the final products) was estimated under the assumption that a batch of pork of 240 kg 
contained 960 pieces of meat. A risk discrete distribution was used for all the 960 pieces, where the possible number of Y. 
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enterocolitica was combined with the frequency distribution 
of samples and the “abattoir-prevalence”. The resulting 
number of Y. enterocolitica for each of the 960 pieces was 
then summed up to a total number of bacteria’s present in a 
positive batch. 
There was also assumed that Y. enterocolitica was 
homogenously distributed in the minced meat/sausage 
and in the meat that would be used to make smoked filet. 
The latter was put in a salt water/solution and salt/water 
solution was injected into the filet – also assumed to fulfil 
the assumption of homogenous distribution of the Y. 
enterocolitica present.
Modelling reduction of Y. enterocolitica concentration during 
fermentation/smoking-process of pork
The Y. enterocolitica reduction obtained during production 
of fermented sausages and smoked filet were estimated, 
in the model, based on inputs of results obtained in the 
challenge-tests (Hansen 2011a and Hansen 2011b). 
The reduction obtained during fermentation of sausages 
under controlled conditions were; from 2.0 to 4.5 log cfu– 
of which we modelled by a Pert distribution; 2.0 log cfu = 
minimum, 2.4 log cfu = most likely, 3.5 log cfu = maximum 
(Hansen 2011b). 
For a standard smoked filet, reduction of 1.9 to 4.7 log cfu 
were obtained, and the values put into the Pert distribution in the model were hence; minimum = 1.9 log cfu, most likely = 
2.2 log cfu and maximum = 3.2 log cfu (Hansen 2011a). 
The probable number of bacteria in the raw material was, in the model, compared with the obtained reduction in 
concentration measured in the challenge tests. By doing that, an estimate for the number of Y. enterocolitica in one gram of 
the final products was obtained. 
Modelling of Y. enterocolitica in servings
Further the number of Y. enterocolitica in servings of 10 g, 25 g and 40 g fermented sausage/smoked filet were estimated. 
A 10 g serving is a typical weight of a slice on a sandwich made for children, whereas 25 g is a standard weight of a slice on 
a sandwich for adults. Further, a typical weight of a slice of fermented sausage/smoked filet on a large sandwich for adults 
would be 40 g.
Dose response for Y. enterocolitica in humans
An estimation of the likely annual number of human cases was not conducted since there is, as far as the authors know, no 
dose response model available for Y. enterocolitica. Nor does outbreak data exists that could have been used to make attack 
rates. Neither could we find experimental data published, except from the case-story reporting about a person turning ill 
after eating a dose of 3.5 x 109 yersinia-bacteria (Lake & Hudson 2004). In the literature it is given that the infective dose 
for Y. enterocolitica is 106 - 107  -  and it is not very likely that a human being could acquire infection when exposed to a low 
number of Yersinia (< 103). The assumption could therefore be that the infective dose is relatively high for healthy adults. 
For children, not previously exposed, the infective dose could, however, be lower.
Table 1. The distributions of samples collected from pork 
shoulder meat and loin with the estimated concentration 
(cfu/g) of Y. enterocolitica, and the estimated frequency 
distribution (Larsen et al. 2012)
Cuts
Y. enterocolitica 
/g
No. of 
samples
% distribution 
of samples
Shoulder <0,05 67 53,2
0,25 24 19,0
2,5 21 16,7
25 8 6,3
100 6 3,3
1000 - 1,0*
5000 - 0,5*
Loin <0,05 84 88,4
0,25 11 10,0
2,5 0 1,0
25 0 0,5*
100 0 0,1*
1000 - -
5000 - -
*Estimated based upon assumptions of a Normal 
distribution and assumptions of that a few samples could 
contain a high number of Yersinia. 
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Technical issues and software:
The data were modelled in @RISK (Palisade Corporation, Newfield NY), and the results are based on 1.000.000 
simulations. The variation in the prevalence of contaminated chilled pork between abattoirs, and the variation in the 
bacteria concentration on the contaminated pieces of pork used for production of fermented sausage and smoked filet 
are included stochastically in the model. The Proc. lifereg (SAS®) was used to estimate the frequency-distribution of the 
different Y. enterocolitica concentrations obtained in the study of Y. enterocolitica in pork shoulder and loin by Larsen et 
al. (2012) 
Results
There was, by the model, estimated an average content of 0.00013 Y. enterocolitica /g in a fermented sausage made of 
shoulder meat with a confidence interval of: 1.84 x 10-5 to 2.46 x 10-4. Similarly, the estimated content of Y. enterocolitica 
in a smoked filet made of loin was 0.0000011 bacteria 
/g with a confidence interval of 2.7 x 10-7 to 2.89 x 10-6. 
Table 2 sums up the estimated frequencies of servings 
of fermented sausages and smoked filet that contains Y. 
enterocolitica. The estimated distributions indicate that 
it is very unlikely that there will be more than two Y. 
enterocolitica per 10 g, 25 g or 40 g servings of fermented 
sausages. The frequency of servings with one bacterium 
is, on the other hand higher, depending on serving sizes; 
from 0.1 % to 0.4 %.
Discussion
Even though the results shows that servings of fermented 
sausages relatively often will contain Y. enterocolitica, the 
number of bacteria in a standard size of a serving of the 
final products would, however, be very low.
It is of importance to mention that it was shown that Y. 
enterocolitica does not grow within the given shelf-life of these products. Therefore, even in a situation with a very high daily 
intake of fermented sausages and smoked filets, it would not lead to a dose high enough (over days) to infect healthy human 
beings. However, for immune- suppressive people or people suffering from other disease, the situation could be different. 
Hence, in our opinion one have to seek elsewhere for cause of the annually reported 200-300 cases of human yersinose in 
Denmark.
Conclusion
By using the model, it was estimated; that a maximum of two bacteria would be present in a serving of up to 40 g of 
fermented sausages. However, more likely only one bacterium will be present per serving (4,000 times of one million 
simulations of 40 g serving’s = 0.4 %). Only in 27 times of one million simulated serving’s there were two bacteria present. 
For smoked filet it was estimated a presence of a maximum of one Y. enterocolitica per 40 g servings, of which could 
happen in 39 times of a total of one million simulations of 40 g servings.
It was shown that Y. enterocolitica does not grow within the given shelf-life of these products, and the infection dose for Y. 
enterocolitica is assessed to be relatively high.  Given this, it is therefore unlikely that Danish produced fermented sausages 
(made in a controlled process) and smoked filet are the cause of any of the annually reported 200-300 cases of human 
yersinosis in Denmark.
Table 2. The estimated number of servings (10 g, 25 g, 40 g) 
with one or two Y. enterocolitica present.
Size of serving
No. of servings with Y. 
enterocolitica of a total of 
1.000.000servings
0 
bacteria
1 
bacterium
2 
bacteria
10 g fermented sausages 998999 1000 1
25 g fermented sausages 996987 3000 13
40 g fermented sausages 995973 4000 27
10 g smoked filet 999986 14 0
25 g smoked filet 999972 28 0
40 g smoked filet 999961 39 0
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